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Abstract
Objective-Comparison of the first

dose responses to low dose constant rate
infusions of diacid angiotensin convert-
ing enzyme (ACE) inhibitors.
Design-Double blind, randomised,

placebo controlled, parallel group
prospective study.
Setting-General hospital inpatient

admissions for supervised diuretic with-
drawal (24-48 hours) and the introduc-
tion ofACE inhibitor treatment.
Patients-36 unselected elderly (aged

60-87 years) patients with symptomatic
but stable chronic cardiac failure (New
York Heart Association grades II-IV).
ACE inhibitor started under double blind
conditions with blood pressure monitor-
ing.

Intervention-Patients were randomly
allocated to receive intravenous placebo
(saline), enalaprilat (1.5 mg over six
hours) or perindoprilat (1 mg over six
hours) by constant rate intravenous infu-
sion (5 mllhour). The protocol allowed
for discontinuation of infusion if mean
arterial blood pressure fell by 30% from
the value before treatment.
Main outcome measures-Blood pres-

sure and heart rate responses, drug con-
centration, plasma renin, and ACE
activities.
Results-The three groups had similar

age, severity of heart failure, diuretic
dose before treatment, plasma renin
activity, and serum electrolyte state. All
patients remained symptom free
throughout the study. Infusions were only
ended early with active treatment: 5/12
perindoprilat cases, (mean (SD) dose
0-88 (0'18) mg, and 5/12 enalaprilat cases
(mean (SD) dose 1-2 (0.4) mg. Both
active treatments lowered mean arterial
pressure until discontinuation of infu-
sion. Heart rate was not altered. Two
patients (one perindoprilat, one enalapri-
lat) showed transient and symptom free
renal impairment.

Conclusions-Slow intravenous infu-
sion of diacid ACE inhibitors may allow
safe initiation of treatment in patients
with heart failure and with activated
renin angiotensin systems. The similar
effects of intravenous perindoprilat and
enalaprilat on blood pressure contrast
with previously reported differences

when perindopril and enalapril were
given orally.

(Br Heart J 1993;69:293-297)

Angiotensin converting enzyme (ACE)
inhibitors are now routinely used in the med-
ical management of chronic cardiac failure.
They relieve symptoms,' reduce long-term
mortality,2 and their beneficial effects are
probably evident regardless of the aetiology of
heart failure or the severity of the disease.3
The mechanism of action of these drugs in
heart failure seems complex. Various effects
on haemodynamics, central and regional per-
fusion pressures, vascular and cardiac struc-
ture, neurohormonal responses, and
electrolyte handling may all play a part in the
symptomatic response and in reducing mor-
tality.4

Although ACE inhibitors are not strictly
specific, affecting other systems including
kinins and prostaglandins, and having impor-
tant interactions with autonomic tone and
baroreflexes, these drugs probably act primar-
ily by blocking angiotensin generation in plas-
ma and tissues.5 The relative importance of
blockade of the generation of circulating or
tissue based angiotensin in heart failure is
unclear.6

Experimental evidence suggests that the
structural changes of hypertension and heart
failure such as ventricular hypertrophy or
dilatation can be reversed, without a signifi-
cant lowering effect on blood pressure by very
low doses of ACE inhibitors.7 The role of
haemodynamic changes in mediating the
symptomatic response or improved survival in
chronic cardiac failure is unknown.

During initiation of treatment, variable and
occasionally profound falls in blood pressure
have been found.8 Prediction of these res-
ponses in individual patients has not always
been possible, although activation of the renin
angiotensin system is usually implicated.

Angiotensin converting enzyme inhibitors
prevent or reduce and reverse ventricular
dilatation after myocardial infarction.910 In
the peri-infarction period substantial hypoten-
sive responses may be undesirable. It has been
proposed that intravenous initiation of treat-
ment might minimise any change in blood
pressure.'° "
We have compared the intravenous diacid

ACE inhibitors perindoprilat and enalaprilat

293



MacFadyen, Lees, Reid

with placebo in patients with chronic cardiac
failure by a hospital protocol of short term
diuretic withdrawal. We were interested to
compare the responses to different ACE
inhibitor drugs and to examine the usefulness
of a prolonged (6 h) infusion.

Patients and methods
DESIGN AND PATIENTS
This study was conducted in 36 elderly
patients (aged 60-87 years; 24 men) admitted
to hospital for initiation of ACE inhibitors as
additional treatment for the management of
chronic cardiac failure. Patients were all
symptomatic on diuretic treatment (.> 80 mg
frusemide or equivalent daily) and none had
significant fluid imbalance. All patients had
stable renal function and normal serum sodi-
um state (Na > 135 mmol) before treatment.
The diagnosis of chronic cardiac failure was
confirmed by enquiry about symptoms, clini-
cal history, and physical, radiological, and
electrocardiographic examination before
treatment. All patients had New York Heart
Association (NYHA) symptoms grades II-
IV; most were grade III, symptomatic on
minimal exertion. Table 1 shows the clinical
details of the three patient groups.

This study was part of a larger double
blind parallel group study of both intravenous
ACE inhibitors and oral dosing with capto-
pril, perindopril, and enalapril. Separate
analysis of the two parts was specified in the
original study protocol. The results of the
study of oral dosing have already been
reported. 12

PROCEDURE
All diuretic treatment was withdrawn under
supervision for at least 24 hours and usually
48 hours before ACE inhibitor treatment.
Concomitant vasoactive drugs such as calci-
um antagonists or nitrate preparations were
withheld on the day of treatment and until
after monitoring was completed at 24 hours.
Digoxin, where prescribed, was continued
unaltered. On the morning of treatment
(about 07 30) two heparinised peripheral
venous cannulae were inserted for blood sam-
pling and infusion purposes in contralateral

Table 1 Summary ofdemographic and laboratory variables and absolute starting blood
pressures (mean (SD)) with statistical comparisons between groups

P value
Placebo Enalaprilat Penndopnlat (ANOVA)

Age (yr) 68 (6) 70 (6) 69 (6) 0-822
Plasma renin activity (nmol.h-'.ml-') 3-9 2-3 2-2 0-681
Frusemide dose (mg) 110 (61) 100 (41) 83 (30) 0-493
N1YHA class II 3 2 5 0-390
NYHA class III 9 10 7
Serum Na+ (mmol.-') 139 (2) 141 (2) 140 (4) 0-582
Serum K+ (mmol.-') 4-1 (0-6) 4-0 (0-4) 4-3 (0-4) 0-363
Serum Urea (mmol. 1-) 8-5 (5-6) 8-2 (2-8) 8-0 (3-3) 0-958
Serum Creatinine 107 (14) 108 (27) 101 (24) 0-836

(a mol.-1)
Supine heart rate 81 (13) 74-3 (8) 78-5 (14) 0-724

(beats/min)
Systolic blood 139-6 (18) 134-5 (30) 128-4 (14) 0-703

pressure (mm Hg)
Diastolic blood 80-6 (13) 76-9 (11) 72-1 (11) 0-821

pressure (mm Hg)
Mean arterial 100-3 (13) 99-1 (14) 89-1 (10) 0-690

pressure (mm Hg)

antecubital fossae. The patient then rested
undisturbed, supine in bed, while baseline
blood pressure was recorded semiautomati-
cally at two minute intervals for at least 30-60
minutes (Sentron, Bard, Sunderland, United
Kingdom). Infusions (saline placebo, 1-5 mg
of enalaprilat, 1 mg of perindoprilat) were
given double blind in accordance with a ran-
domisation schedule held by the Department
of Pharmacy. All patients received their nor-
mal meals throughout the study. They were
kept supine until 10 hours after the start of
infusion. The protocol stipulated the end of
infusion without withdrawal from the study
on the basis of a fall of 30% from the baseline
mean arterial pressure established over 30-60
minutes before start of infusion. This was
intended to test if the end of infusion would
control the drug induced fall in blood pres-
sure. Patients were kept supine for at least 45
minutes before sampling and blood pressure
measurement at 24 hours. After the start of
the infusion blood pressure was recorded
supine at two minute intervals and with blood
samples drawn for triplicate determination of
drug concentration and ACE activity at 0,
0-08, 0-16, 0-25, 0.33, 05, 0-67, 0-83, 1,

1-5 1-5., 1-75, 2, 2-5., 3, 3 5,5 4,3 ,5,55
6, 6-5, 7, 8, 9, 10 and 24 hours. At 0, 2, 4, 6,
8, 10 and 24 hours blood samples were
drawn for determination of plasma renin
activity.

At 24 hours after dosing, blood pressure,
drug concentrations, hormones, routine bio-
chemistry, and haematology were determined
after a period of supine rest (45 minutes).
The treatment code was then broken to allow
appropriate further management. Patients on
enalaprilat continued on active treatment
with enalapril 5 mg twice daily and their
other diuretics and vasodilators were reinstat-
ed. Patients who had received placebo contin-
ued without diuretics and received 6-25 mg of
oral captopril as open treatment under nor-
mal nursing observation in hospital. These
patients were not subsequently included in
any other study group.
The study was approved by the local

research and ethics committee and all
patients gave informed and written consent to
observation at the start of their new treat-
ment.

LABORATORY AND STATISTICAL ANALYSES
Drug concentrations and plasma ACE acti-
vity were determined by the measurement
by high pressure liquid chromatography of
the production of hippuric acid upon incu-
bation with the substrate hippuryl-histidyl-
leucine. '14 Total plasma renin activity was
estimated by radioimmunoassay of angio-
tensin I, formed after the addition of exoge-
nous angiotensinogen.'5

Blood pressure and heart rate were record-
ed in triplicate and mean recordings were
used for the statistical analysis. Mean arterial
pressure was calculated as diastolic pressure
plus one third of the pulse pressure.
The absolute values of heart rate and mean

arterial pressure before treatment were sub-
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Table 2 Individual maximalfall in mean arterial pressure with time recorded and duration of infusion in each of the
three treatment groups

Placebo Enalaprilat Perindoprilat

Mean Mean Mean
artenial artenial arterial
pressure Time Infusion pressure Time Infusion pre3sure Time Infusion

Case (mm Hg) (h) (h) (mm Hg) (h) (h) (mm Hg) (h) (h)

1 -4 0-33 6 - 15 0-67 6 -9 4 6
2 -16 4-5 6 -23 3-5 6 -29 2-5 2-5
3 -8 6 6 - 15 5-5 6 -30 5 5
4 -27 5-5 6 - 19 4-5 6 -29 4-5 6
5 -17 4 6 -21 2 2 -47 4-5 2-5
6 -8 0-33 6 - 19 2-5 2 - 18 2-5 6
7 -10 2 6 -33 6 6 -11 4-5 6
8 -16 4 6 -38 2-5 6 -25 4 6
9 -12 4-5 6 -30 3-5 3 -29 4-5 5
10 -32 5 6 -45 5 4 -23 4-5 4
11 - 10 7-5 6 - 25 4-5 6 - 15 4-5 6
12 - 24 0-08 6 -40 4-5 5 - 27 6 6

jected to repeated measures analyses of vari-
ance with the statistical package RUMMAGE
on an ICL 3988 mainframe computer. The
data after treatment were corrected to the
baseline before analysis. The variance model
included two fixed factors (time, with 28 lev-
els, and treatment, with three levels) and one
random factor (patients, with 12 levels).
Individual treatment comparisons at each
time were estimated by Bonferroni correc-
tion; individual times within each treatment
were not compared.

Inhibition of ACE was calculated from the
formula:
% inhibition = 100 x (1 -ACE after treat-
ment/ACE before treatment)
Plasma renin activity was assessed after loga-
rithmic transformation.
The demographic data, baseline sodium

creatinine, and renin values, and treatment
effects on laboratory indices were compared
among the treatment groups with a one way
analysis of variance. The NYHA classification
of heart failure severity was assessed by
Kruskal-Wallis analysis of variance by ranks.

Results
GENERAL
The three treatment groups had comparable
age, NYHA grading, diuretic dosage, plasma
renin activity, and serum electrolytes before
treatment (table 1). Laboratory indices were

I I I I I I
. . .

0 2 4 6 8 10 :

Time (h)
Figure 1 Baseline corrected change in systolic blood pressure (mean values, n = 12) after
intravenous placebo (D), enalaprilat (0), or perindoprilat (0) in elderly patients with
chronic heartfailure (* p < 0-05 v placebo).

not significantly influenced by treatment. The
small fall in haemoglobin concentration
found in all three groups (placebo, - 1-3
(0 5); enalaprilat, - 1 2 (0 7); perindoprilat,
- 1-3 (0 8) g/dl) was similar (p = 0.930) and
was attributed to the sampling of about 350
ml blood over 24 hours.

All patients tolerated treatment without
symptoms. Two patients on active treatment
(one, perindoprilat; one, enalaprilat) showed
symptom free transient increases in serum
urea and creatinine concentrations at 24
hours after treatment. Maintenance treatment
with oral enalapril (5 mg twice daily) was
subsequently discontinued in these patients
and renal function returned to normal.

HAEMODYNAMIC RESPONSES
Table 1 shows the group mean absolute
blood pressure and heart rate values before
treatment. These were not significantly differ-
ent from each other. There were no signifi-
cant differences in heart rate between the
active groups and placebo during the observa-
tion period.
No placebo infusion was terminated.

During the early phases of infusion both
active treatments showed a transient rise in
systolic blood pressure, but not in mean arte-
rial pressure. In each of the active treatment
groups five infusions were ended early in the
enalaprilat group at 2, 2, 3, 4, and 5 hours;
and in the perindoprilat group at 2-5, 2-5, 4,
5, and 5 hours. The mean total dose of
enalaprilat was therefore 1.2 (0.4) mg and of
perindoprilat 0-88 (0 18) mg. The mean
responses shown beyond two hours therefore
do not reflect continuing infusion in all cases
(fig 1).

Table 2 shows the relation between indi-
vidual maximal recorded fall in MAP, the
corresponding time, and the duration of infu-
sion for all three treatment groups. The maxi-
mal mean fall in MAP (greatest fall in group
data) was - 10.4 mm Hg at six hours during
placebo infusion, - 22-3 mm Hg at five hours
during enalaprilat infusion and - 18.6 mm
Hg at 4-5 hours during perindoprilat infusion.
The means of the patients' maximum falls in
blood pressure were -34 9 (12-3) for
perindoprilat, - 38.8 (11 3) for enalaprilat,
and - 16-4 (7 7) for placebo. Early end of
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Figure 2 Plasma drug concentration time profiles (mean, n = 12) after infusion of
perindoprilat (0) or enalaprilat (0).

infusion successfully controlled the fall
blood pressure. The minimum MAP alw:
followed the end of treatment by 15-30 m
utes.

DRUG CONCENTRATION AND PLASMA

HORMONAL RESPONSES

Figure 2 shows the pharmacokinetic profi
for the enalaprilat and perindoprilat grou

They include the data from the infusions tl
were ended early. The mean time to peak
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Figure 3 Plasma angiotensin converting enzyme inhibiton (mean (SD), n = 12) as a

percentage of baseline activity after intravenous placebo (O), enalaprilat (0), or

perindoprilat (0).

enalaprilat concentrations was 4-8 (1 6) h and
for perindoprilat 5 3 (1 1) h and as expected
the drug concentrations were in each case
maximal at the end of the individual infu-
sions. During infusion both treatments were
associated with a sigmoid shaped drug con-
centration profile that has previously been
reported. 16
The profile of plasma ACE inhibition was

similar for both active treatments, showing a
rapid onset and sustained plateau (fig 3). The
mean maximal inhibition of plasma ACE
activity was higher (p = 0 004) for the

j4 perindoprilat group (91-7) (3%) compared
with the enalaprilat group (86-5% (4%)).

24 Mean maximal ACE inhibition across the
whole group was reached at 4 5 (1-3) h in the
perindoprilat group and 5-0 (1-2) h in the
enalaprilat group.

Plasma renin activity was significantly
raised by both active treatments compared
with placebo (fig 4) and remained high after
discontinuation of infusion.

Discussion
The two diacid ACE inhibitors given intra-
venously in our study caused similar falls in
blood pressure. Intravenous infusion, with
the option of an early end of treatment, con-
trolled the haemodynamic responses. We
think that this is preferable to bolus, higher
dose, strategies used in other studies with

24 enalaprilat or other ACE inhibitors.20-22
To optimise blood pressure response of the
patients to dose titration may be worthwhile
especially after myocardial infarction."I
The contrast between the similar blood

pressure responses with perindoprilat and
in enalaprilat and those previously reported with

ays a similar protocol in our earlier study is of
tin- interest.'2 We previously reported a different

pattern of blood pressure change after oral
perindopril (2 mg) compared with enalapril
(2 5 mg) orally, despite similar inhibition of
plasma ACE: whereas enalapril produced a

iles slow and sustained fall in blood pressure
ps. compared with placebo, perindopril had no
hat discernible effect.
for Our present study, which was concurrent

and of identical design, led to comparable
plasma ACE inhibition, and both intravenous
drugs reduced blood pressure. The perindo-
prilat concentrations after intravenous admin-
istration were higher than those previously
achieved after oral perindopril.'2 The prodrug

A ester (perindopril) that after oral dosing
appears first in the systemic circulation before
the generation of significant quantities of the
active diacid metabolite (perindoprilat) may
influence the blood pressure response. We
postulate that this lipophilic ester, with its
weak ACE inhibiting properties, may under-
go rapid tissue distribution and interaction

I with the tissue based angiotensin generating
24 system.23 From in vitro work it seems that

perindopril, the parent compound, may
reduce inhibition of ACE by perindoprilat,
the metabolite.24 Any interaction between the
parent compound and metabolite would be
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Figure 4 Plasma renin activity (mean (SD), n = 12) after infusion of intravenous
placebo (D), enalaprilat (0), orperindoprilat (0).

expected to be most prominent after the ir
tial dose, it would be expected to be dose ar
concentration dependent, and it could pr

duce effects that would vary among tissues.
We propose that prolonged low dose intr

venous ACE inhibitors may be useful wht
starting treatment in heart failure patients
risk of excessive falls in blood pressure. Fa
in blood pressure can be controlled by sto
ping the infusion. A formal trial of th
approach in a further high risk population
justified.
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